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ABSTRACT. Trawl surveys conducted between 1996 and 2007 show that populations 
of octopods have signifi cantly higher abundances around Elephant Island, off the Ant-
arctic Peninsula, than in similar areas nearby. This elevated abundance was fi rst detected 
following the cessation of commercial fi shing and has persisted for many years beyond, 
possibly indicating an enduring shift in the structure of the ecosystem.
INTRODUCTION
Concern about the effects of overfi shing on marine ecosystems has increased 
substantially in recent years (e.g., Jackson et al., 2001). One of these potential 
effects is a shift in the suite of dominant predators in the ecosystem (Fogarty 
and Murawski, 1998; Choi et al., 2004). Unusually high abundances of squids 
and octopods in some areas have been related to man’s removal of their fi nfi sh 
predators and competitors (Caddy and Rodhouse, 1998). Furthermore, anthro-
pogenic changes in polar regions are of particular conservation concern (e.g., 
Smith et al., 2002). In Antarctica, a bottom-trawl fi shery primarily targeting 
mackerel icefi sh (Champsocephalus gunnari) and marbled notothenia (Noto-
thenia rossii) developed in 1978 around Elephant Island, in the South Shetland 
Archipelago off the Antarctic Peninsula. The fi shery continued until 1988/1989 
but rapidly depleted the populations of the target species (Kock and Stransky, 
2000). We report here that in this overfi shed area, populations of octopods have 
signifi cantly higher abundances than in similar areas nearby. This elevated abun-
dance has persisted for years beyond the cessation of commercial fi shing, pos-
sibly indicating an enduring shift in the structure of the ecosystem.
MATERIALS AND METHODS
R/V Polarstern cruises ANT XIV/2 (November– December 1996), ANT 
XIX/ 3 (January– February 2002), and ANT XXIII/8 (December 2006 to January 
2007) were conducted to assess the status of fi sh stocks in the region around Ele-
phant Island monitored internationally under the Convention on  Conservation 
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of Antarctic Marine Living Resources. Sampling stations 
were selected randomly from depth strata between 50 and 
500 m. These stations were sampled by 30-min tows with 
a large double-warp otter trawl. The 2002 cruise also con-
ducted similar sampling off the southern South Shetland 
Islands and off Joinville Island across the Bransfi eld Strait 
(both areas with shelves of similar widths and depths to 
the Elephant Island area), as well as an intensive sampling 
series of 20 tows in a shallow-water grid near Elephant Is-
land. The 2006– 2007 cruise similarly sampled additional 
stations across the Bransfi eld Strait close to the peninsula 
and in the western Weddell Sea (Figure 1). We identifi ed 
and counted all cephalopods collected on these cruises, in-
cluding both the cod end sample and specimens entangled 
in the net mesh. The material included many more spe-
cies than were recognized previous to this work (Allcock, 
2005). We fi rst noticed the abundance patterns reported 
here during the 2002 cruise and have since examined the 
2006– 2007 cruise as a test of our unpublished 2002 hy-
pothesis. Because the sample sizes, depths, etc., were bal-
anced between the Elephant Island area and the out-groups 
in 2002, we emphasize these results and present the 1996 
and 2006– 2007 results for temporal comparisons.
For some of the comparisons presented below, we have 
eliminated the shallow-grid samples and pooled the obser-
vations from the southern South Shetland Islands, close to 
the Antarctic Peninsula, Joinville Island, and Weddell Sea 
(termed “out-groups” below) because this created similar-
sized sets of samples with similar ranges and variances in 
depth, a controlling factor in the abundance and diversity 
of Antarctic octopods (Figure 2). Intensive shallow-grid 
sampling was not conducted in the out-group areas. A 
FIGURE 1. Study area showing sampling locations.
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FIGURE 2. Relationship between mean depth of tow and octopod catch in 2002 trawl samples from around Elephant Island and similar nearby 
areas: (a.) total number of octopods per tow, (b.) approximate number of octopod species per tow.
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summary of the collections is presented in Table 1. Statisti-
cal comparisons used two-sample t-tests assuming unequal 
variances, with the a priori confi dence level for signifi cance 
at   0.05 (two tailed). Depths presented are based on the 
mean depth of each tow, calculated as the average of the 
depth at the beginning and at the end of the tow.
RESULTS
Although the depths of the 28 Elephant Island sta-
tions sampled in 2002 were slightly shallower than the 26 
out-group stations, the difference was not statistically sig-
nifi cant. However, the total number of octopods collected 
per tow at Elephant Island averaged over twice as high 
(Table 2) as that at the out-group stations (signifi cant, p  
0.001). Had we included the 20 shallow-grid stations, the 
difference in catch between the areas would have been even 
greater (Table 1) because these tows included two catches 
that were anomalously high (98 and 306 octopods) for 
that depth range and strongly dominated by one shallow-
dwelling species, Pareledone charcoti (Joubin, 1905). Al-
though the difference between areas in number of species 
collected was not great, it was statistically signifi cant. This 
is likely because an increased number of specimens in the 
catch generally includes a higher number of species (Figure 
3) rather than because of a difference in species richness in 
the two areas. Depths of the 38 stations sampled around 
Elephant Island in 1996 were not signifi cantly different 
from those sampled in 2002, nor was the average catch 
signifi cantly different from the 2002 catch in the same 
area. Only three samples were collected in 1996 from the 
southern South Shetland Islands (in the same area as the 
out-groups in 2002) with the same net at similar depths; 
the catches in these samples were very low (12, 7, and 
5 octopods). The few samples that were collected from 
Joinville Island in 2002 included the lowest numbers of 
octopods caught that year, but those were qualitatively 
similar to the octopod fauna of the Weddell Sea (Allcock 
et al., 2001).
In 2006– 2007, both the mean depth and number of 
octopods per sample around Elephant Island were less than 
in 2002. The mean depth at the out-group stations in 2006– 
2007 was somewhat greater than in 2002 and signifi cantly 
greater than the Elephant Island stations in 2006– 2007. 
However, the number of octopods per sample around Ele-
phant Island was 2.5 times higher than in the out-group 
samples, a statistically signifi cant difference (Table 3). As in 
TABLE 1. Summary of octopod collections by cruise year and location.
  Number     95% confi dence
Year Location of stations Parametera Maximum Mean interval Minimum
2006– 2007 Elephant Island 51 Depth (m) 486 208 26 62
   catch 169 18 8 0
   no. spp. 8 3 0.5 0
2006– 2007 out-group 38 depth (m) 490 275 35 87
   catch 35 7 2 0
   no. spp. 5 2 0.5 0
2002 Elephant Island 28 depth (m) 455 257 32 127
   catch 145 42 16 1
   no. spp. 9 6 1 1
2002 shallow grid 20 depth (m) 209 146 18 74
   catch 306 37 15 4
   no. spp. 7 4 1 2
2002 out-group 26 depth (m) 468 266 49 85
   catch 80 18 10 1
   no. spp. 10 4 1 1
1996 Elephant Island 38 depth (m) 477 243 33 89
   catch 135 52 10 9
aDepth is based on mean depth of each tow, catch is the number of octopods per tow, and no. spp. is the approximate number of species per tow; no. spp. is not included for 
1996 cruise because identifi cations have not yet been revised based on updated taxonomy resulting from 2002 cruise.
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FIGURE 3. Relationship between number of octopods collected and approximate number of species collected in 2002.
2002, the larger catches of octopods around Elephant Is-
land included a signifi cantly greater number of species than 
in the smaller out-group samples.
DISCUSSION
We have no quantitative information about the abun-
dance of octopods in the area of Elephant Island prior to 
the onset of commercial fi shing in the area. Therefore, 
some unknown natural factor in that location could have 
resulted in high octopod abundances relative to levels in 
similar areas nearby. However, at least eight bottom-trawl 
surveys of the fi sh fauna around Elephant Island were con-
ducted between 1976 and 1987 (Kock and Stransky, 2000), 
and we know of no indication of elevated octopod abun-
dance in those surveys. Conversely, during a U.S. trawl 
survey in 1998, octopod abundance was higher around 
Elephant Island than off the South Shetland Islands (C. 
Jones, NMFS Antarctic Program, Southwest Fisheries Sci-
ence Center, personal communications, 2002). These sam-
pling efforts, together with the present surveys, revealed 
that bycatch fi sh species had recovered by the early 1990s 
but populations of target species had not fully recovered 
(Kock and Stransky, 2000; K.-H. Kock, Institute for Sea 
Fisheries, personal communication, 2002). The abun-
dance of octopods may have increased coincidently with 
the recovery of populations of fi nfi sh bycatch.
We are not sure why the overall abundance of octo-
pods around Elephant Island was lower in 2006– 2007 
than during previous surveys. Perhaps this is because the 
sampling was concentrated at somewhat shallower depths, 
which resulted in fewer catches with very high numbers of 
octopods (Figure 2). However, details of the confi guration 
of the trawl, such as height of the footrope above the roll-
ers and the presence of a “tickler” chain, were modifi ed 
during this cruise to reduce the bycatch of sessile mega-
fauna (e.g., sponges and cnidarians). It seems quite likely 
that these modifi cations affected the net’s sampling char-
acteristics for benthic octopods. An indication that high 
numbers of octopods remained around Elephant Island 
during 2006– 2007 is found in the very high numbers of 
small specimens caught at three stations (59 specimens at 
station 614-3, 24 at 642-1, and 15 at 654-6) using a differ-
ent gear type, an Agassiz beam trawl, not included in the 
comparisons presented here.
The pattern reported here is consistent with other re-
ports from around the world of elevated cephalopod abun-
dances coincident with reduction of fi nfi sh populations by 
commercial harvesting. As the inferred increase in octo-
pod abundance appears to be coincident with recovery of 
bycatch fi sh populations, release from predation pressure 
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rather than competitive processes seems to be responsible 
for the good fortune of the octopods. Because ecological 
processes in polar regions tend to be comparatively slow, 
such ecosystem-level impacts of fi shing may take longer to 
become apparent than at lower latitudes but also may be 
very persistent.
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